Aims
To examine associations between Chlamydia pneumoniae IgA titres and incident coronary heart disease, and to compare them with associations previously reported between C. pneumoniae IgG titres and coronary heart disease.
Methods and Results
We measured serum concentrations of C. pneumoniae IgA antibodies in 502 coronary heart disease cases and in 1005 age-and town-matched controls 'nested' in a community-based prospective study of 5661 British men (mean follow-up in controls, 16 years), and conducted a meta-analysis of published prospective studies to place our findings in context. Two hundred and twentyone (44%) of the cases were in the top third of C. pneumoniae IgA titres compared with 336 (33%) of the controls, yielding an odds ratio for coronary heart disease of 1·84 (95% confidence interval 1·40-2·43) which was largely unchanged after adjustment. In aggregate, the present study and nine previously reported prospective studies of C.
pneumoniae IgA titres involved 2283 cases, yielding a combined odds ratio for coronary heart disease of 1·25 (1·03-1·53), with no significant heterogeneity among the ten studies (
Introduction
Studies of coronary heart disease and serum markers of persistent infection with Chlamydia pneumoniae (also known as Chlamydophila pneumoniae) have reported apparently inconsistent results [1] . It has been proposed that such differences may be partly due to the use of different antibody subtypes as markers of the infection across studies [2] . In particular, it has been suggested that serum immunoglobulin A antibody titres to C. pneumoniae may be more predictive of coronary heart disease than are immunoglobulin G titres because IgA antibodies have different biological characteristics (such as a shorter half-life) and may be better indicators of persistent chlamydial infection in certain chronic diseases [2] . A previous meta-analysis of 15 prospective studies of C. pneumoniae IgG titres and coronary heart disease, involving over 3000 cases and over 9000 controls, yielded a combined odds ratio of 1·15 (95% confidence interval, 0·97-1·36) [1] . Although a few small studies have reported stronger associations of C. pneumoniae IgA titres with myocardial infarction [3] or stroke [2] , the evidence on IgA markers has not yet been systematically assessed. We therefore measured C. pneumoniae IgA titres in stored baseline samples of 502 coronary heart disease cases and 1005 controls in a prospective epidemiological study (in which we had previously studied C. pneumoniae IgG titres [1] ), and conducted a meta-analysis of other long-term prospective studies of C. pneumoniae IgA titres and coronary heart disease to place our findings in context.
Methods
Methods used to establish and analyse the British Regional Heart Study have been described previously [4] . During 1978-1980 nurses administered epidemiological questionnaires, made physical measurements, and recorded ECGs in 7735 males aged 40-59 (response rate 78%) randomly selected from general practice registers in each of 24 British towns. Non-fasting venous blood samples were collected in 5661 men in 18 of the towns and stored at 20 C for subsequent analysis. Further questionnaires were posted after 5 years (98% response among survivors) and 12 years of follow-up (90% response) that enquired about car ownership and childhood social circumstances (father's social class and childhood household amenities), respectively. All men have been monitored since entry for vascular mortality (ascertained through National Health Service Central Registers on the basis of a death certificate with ICD-9 codes 410-414) and for cardiovascular morbidity (based on reports from general practitioners, supplemented by evidence from general practice records meeting World Health Organisation criteria), with a follow-up loss of <1% to date [4] . As in our previous studies of infective agents and coronary heart disease [1, 4] , cases in the present study were men with fatal coronary heart disease or non-fatal myocardial infarction occurring between 1978 and 1996 and with a stored serum sample available for analysis. Five hundred and two men had available C. pneumoniae IgA measurements. One thousand and five controls 'frequency matched' to cases on town of residence and age in 5-year bands were randomly selected from those men who had survived to the end of the study period free from incident myocardial infarction.
Laboratory workers, unaware of the disease status of the participants' blood samples, made C. pneumoniae IgA measurements using a validated assay involving whole organism antigen and time-resolved fluorimetry [1, 5] . Case-control comparisons involved unmatched stratified logistic regression fitted by unconditional maximum likelihood (SAS Institute, North Carolina, U.S.A.), as previously described [1, 6] . For associations between C. pneumoniae IgA titres and a variety of known and suspected risk factors, emphasis was mainly given to differences more extreme than 2·6 standard deviations (2P]0·01) to make some allowance for multiple comparisons. To avoid selective reporting, we pre-specified case-control analyses of C. pneumoniae IgA antibody titres by thirds of values in controls. We also pre-specified that odds ratios would be reported both with and without adjustments for various sets of possible confounders. We conducted a meta-analysis of prospective studies of coronary heart disease and C. pneumoniae IgA titres published before 2001 using methods that have been described previously [6] . Cases were compared only with controls within the same studies to avoid potential biases [1] .
Results

Present study
There were highly significant differences between cases and controls with respect to various known vascular risk factors (Table 1 ). The correlation coefficient between C. pneumoniae IgA titres and C. pneumoniae IgG titres was 0·34 (P<0·00001). C. pneumoniae IgA titres were not significantly associated with blood lipids, blood pressure, serum homocysteine, C-reactive protein, serum amyloid A protein, albumin, or haematocrit (Table 2) . Two hundred and twenty-one (44%) of the 502 cases were in the top third of C. pneumoniae serum IgA titres compared with 336 (33%) of the 1005 controls (Table 1) . This difference yielded an age-and town-adjusted odds ratio for coronary heart disease of 1·84 (95% confidence interval 1·40-2·43) for men in the top third of baseline C. pneumoniae IgA titres compared with men in the bottom third. The odds ratio was 1·78 (1·35-2·35) after additional adjustment for smoking, 1·85 (1·38-2·48) after additional adjustment for serum lipids, blood pressure, and body mass index, and 1·76 (1·29-2·40) after additional adjustment for indicators of socioeconomic status. The results were not materially changed when the analyses were restricted to the 325 cases and 806 controls with no evidence of coronary heart disease at baseline (Table 3) .
Meta-analysis
Including the present study, we identified ten prospective studies of C. pneumoniae IgA titres and coronary heart disease up to 2001 [3, [7] [8] [9] [10] [11] [12] [13] [14] involving a total of 2283 cases of non-fatal myocardial infarction or coronary heart disease death and 7143 controls. The weighted mean age of participants at baseline was 54 years with a weighted mean follow-up of 11 years. All but one of the studies [3] reported adjustment for smoking and some other classical risk factors, but only four [7] [8] [9] reported adjustment for markers of adult socioeconomic status (and only two for markers of childhood social class [8] ). Six used microimmunofluorescence assays (two [8, 11] of which reported d1:64 as a cut-off titre for seropositivity, and others reported cut-off titres of d1:40 [10] , d1:32 [13] , d1:16 [12] , or the top quarter of titres in controls [3] ), and four used other methods (two used enzyme-linked immunoassays [9, 14] and two, including the present study, used time-resolved fluorimetry [7] ). Despite these differences, there was no significant heterogeneity among the ten studies ( 2 9 =7·8; P>0·1), and a combined analysis yielded an odds ratio of 1·25 (1·03-1·53: Fig. 1 ), which is not significantly different from the combined odds ratio of 1·15 (0·97-1·36) previously reported for C. pneumoniae IgG titres ( 2 1 =0·3; P>0·1). To explore any effects of adjustment, we grouped reports on C. pneumoniae IgA titres by degree of adjustment for social class. The combined odds ratio was 1·23 (0·85-1·77) in the six studies (623 cases) without any reported adjustment for indicators of adult or childhood socioeconomic status [3, [10] [11] [12] [13] [14] and 1·16 (0·91-1·49) in the eight studies (1503 cases) without adjustment for indicators of childhood social class [3, 7, [9] [10] [11] [12] [13] [14] . In the six studies (863 cases) that used microimmunofluorescence assays [3, 8, [10] [11] [12] [13] , the combined odds ratio was 1·16 (0·86-1·58) There was no significant heterogeneity in any of these subsidiary analyses. 
Discussion
Although some small-scale studies have suggested that C. pneumoniae IgA titres are much more strongly related to coronary heart disease risk than are C. pneumoniae IgG titres [2, 3] , this may have been due to chance, selection biases and/or selective emphasis on particular reports. To minimize such potential biases, we measured C. pneumoniae IgA titres in a prospective, communitybased study with more coronary heart disease cases than all but one [7] previous study. Moreover, to avoid placing undue emphasis on particular reports, we placed our findings in the context of a meta-analysis of other long-term prospective studies. Hence, although data from our study were somewhat more positive than results from most previous prospective reports, the available studies are statistically compatible with one another, yielding a combined odds ratio for coronary heart disease of 1·25 (1·03-1·53: Fig. 1 ) in people with raised C. pneumoniae IgA titres.
The relevance of this combined odds ratio is, however, uncertain because it is only weakly positive and of marginal statistical significance. Existing studies may have somewhat exaggerated the observed coronary heart disease risk due to failure to control for residual biases (such as residual confounding by cigarette smoking and/or 'publication bias'). Conversely, existing studies may have underestimated coronary heart disease risk due to failure to correct for within-person fluctuations in serum antibody levels (since C. pneumoniae antibodies may disappear and recur [1] ). Consequently, further studies are needed to investigate whether any modest association exists, particularly at younger ages where associations may be stronger than at older ages [15] . Despite these uncertainties, the present report reliably refutes previous suggestions that C. pneumoniae IgA titres strongly predict coronary heart disease risk.
Conclusion
Neither C. pneumoniae IgA nor IgG titres are strongly predictive of coronary heart disease in the general population.
